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Reef Recovery Following the Late Devonian Mass Extinction: Evidence
from the Dugway Range, West-Central Utah
Joseph G. Krivanek
ABSTRACT
The biotic crisis of the Late Devonian Period involved three
distinct peaks of extinction intensity and preferentially eliminated reef
taxa. By the end of the second peak, the Frasnian-Famennian (F-F)
boundary, the dominant constructor guild member of the midPaleozoic, the stromatoporoids, had ceased reef construction in most
parts of the world. An undescribed stromatoporoid bioherm in the
Dugway Range, west-central Utah, is one of the few locations where
stromatoporoids continued building reefs into the mid-Famennian. The
sections are well-constrained biostratigraphically using both conodonts
and stromatoporoids and range from the latest Frasnian to the Early
Carboniferous. The reefal faunas are depauperate and dominated by
labechiids and stylostromids, as is characteristic of most Famennian
bioconstructions. In this region, reefal development was episodic with
reefal units interbedded with units lacking reef taxa. The
stromatoporoid survivors belong to long-ranging clades, and may
represent “extinction-resistant” taxa. Both were fairly minor
constituents of Frasnian reef communities.
iv

Chapter One
Introduction
Since the days of William Smith, faunal turnover has been
recognized in the fossil record. Attempts to explain the extinction and
origination of species go back almost as far, and understanding the
responses of reefs to these events has been a focus of mass extinction
studies (Fagerstrom, 1987; Sheehan, 1985; Kauffman and Harries,
1996). In general, reef communities were decimated by the same
mass extinction events that affected level-bottom communities
resulting in the so-called ‘reef gap’, the absence of reefs during the
early stages of recovery from these events. This study investigates
the Frasnian-Famennian (F-F) post-extinction reefal environment in
which one of the primary reef-constructing organisms,
stromatoporoids, was able to re-establish their reef-building habit after
an extinction episode that was generally thought to have eliminated
that capability.
For all of the Silurian as well as the Early and Middle Devonian,
greenhouse conditions and generally high sea levels combined to
create an environment in which stromatoporoid- and coral-dominated
reefs expanded to their greatest areal extent and diversity (Copper,
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2002). Flooded cratonic platforms in the equatorial belt provided
substantial ecospace for reef taxa, and warm, tropical water provided
the environment necessary for reefs to flourish. Reef growth in
Australia and Canada was more laterally extensive than the modern
day Great Barrier Reef (Playford et al., 1989). Along the Russian
Craton’s eastern margin reef complexes formed that extended in
length for hundreds of kilometers.
Reflecting the traditional view of Famennian stromatoporoids and
their reef-building ability, Fagerstrom (1987) contended that those
stromatoporoids that survived the F-F boundary were not significant
contributors to Famennian reef-building guilds. This study, as well as
those of Friakova et al. (1985) and Stearn et al. (1987), dispute this
assessment, and document that stromatoporoids still constructed reefs
in the Famennian, albeit on a greatly reduced scale.
As compared to their Frasnian counterparts, Famennian bioconstructions were: 1) laterally less extensive by at least an order of
magnitude (Stearn et al., 1987; Friakova, et al, 1985); 2)
characterized by substantially reduced levels of diversity (Stearn et al.,
1987, but see Wood, 1970); and 3) able to produce less reef volume.
This study investigates a previously undescribed Fammenian sequence
in the Dugway Mountains of west-central Utah to test whether the
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characteristics of other Fammenian reefs outlined above are more
broadly applicable.
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Chapter Two
Background
Although origination and extinction occur throughout the fossil
record, statistical analysis (Raup and Sepkoski, 1982) identifies five
instances in Phanerozoic time (see Figure 1) when extinction rates

Figure 1. Temporal distribution of Phanerozoic
extinction events in the marine fossil record. Length
of arrows indicates approximate magnitude (Hallam
and Wignall, 1997).
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rose above normal background rates. Four of these biotic crises had
already been identified as major breaks in the fossil record. These "Big
Five" mass extinctions occurred during the Late Ordovician, the Late
Devonian (at the Frasnian-Famennian stage boundary), at the PermoTriassic boundary, at the Triassic-Jurassic boundary, and at the
Cretaceous-Tertiary boundary. The Late Devonian was a time of
significant changes in many earth systems including tectonics, ocean
circulation and chemistry, sea level, climate, and biota.
Paleogeographic reconstructions (see Figures 2-4) of the
Devonian (Golonka, 2002; Scotese, 2000) show the vast majority of

Figure 2. Paleogeographic reconstruction of the Givetian Stage
with locations of reefal deposition (Golonka, 2002). Red circles
represent coral reefs. Yellow circles represent stromatoporoid
reefs. Other colors denote reef building by other organisms.
5

Figure 3. Paleogeographic reconstruction of the Frasnian
Stage with locations of reefal deposition (Golonka, 2002).
See Figure 2 for Key

Figure 4. Paleogeographic reconstruction of the Famennian Stage
with locations of reefal deposits (Golonka, 2002). Squares
represent stromatoporoid reefs. Triangles represent microbial and
algal reefs.
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landmass in the Southern Hemisphere, with the supercontinent
Gondwana extending from the South Pole to the equator. Australia,
still attached to Gondwana, was equatorial, as were portions of North
America, Europe, European Russia, South China, and Southeast Asia.
Siberia is the only major landmass above 30ºN and there was no land
above 60ºN. Tectonism associated with the suturing of Pangea caused
major changes in continental margins and runoff, rearranged oceanic
circulation patterns, and affected climate (Webb, 2002). Although
elements of the plant kingdom evolved in the Proterozoic, and vascular
plants first appeared in the Silurian, the initial radiation of plants with
well-developed true root and leaf structures occurred during the
Devonian, and had profound affects upon continental weathering, soil
stability, as well as atmospheric O2 and CO2 levels (Algeo and
Scheckler, 1998; Berner and Kothvala, 2001). These factors, as well
as possible bolide impacts (McLaren, 1970; Sandberg et al., 2002)
have been cited as possible causes of the biotic crises during the Late
Devonian mass extinction.
Copper (2002b, p.181) has referred to the climate of the Silurian
and Devonian as “80 million years of global greenhouse between two
ice ages”. The later of these two glacial intervals commenced no later
than the Famennian and possibly earlier (Isaacson et al., 1999).
Evidence for glaciation comes from clastic sedimentary sequences in
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Brazil that show glaciogenic characteristics (Caputo, 1985), diamictites
in Bolivia and Peru, deposited in westernmost Gondwana and believed
to be glacially formed (Diaz-Martinez et al., 1999), and marine offlap
in many Late Devonian sections (Isaacson et al., 1999).
Cooling as well as glaciation and the resultant lowering of
eustatic sea level (see figs. 5 and 6) are invoked as proximate or
ultimate causes in many mass extinction scenarios for the Late
Devonian (Algeo and Scheckler, 1998; Sandberg et al., 2002;
Buggisch, 1991; but see Thompson and Newton, 1988 for a discussion
of warming as the cause). Stanley(1988), noting similarities in
extinction patterns, suggests that climatic cooling may be responsible

Figure 5. Frasnian-Famennian sea level curve showing
Famennian regression and high frequency sea level change
(Giles and Dickinson, 1995)

8

Figure 6. Devonian sea level curve showing Famennian
regression and high-frequency sea level change (Johnson
et al., 1985).
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not only for the Late Devonian mass extinction, but also for the endOrdovician and Permo-Triassic extinctions. He cites several patterns
that point to cooling, including the preferential survival of non-tropical
marine taxa, the contraction of biogeographic provinces towards the
equator, and a tendency for surviving taxa to be cosmopolitan in
distribution.
Copper (2002a,b) noting that high-latitude reefs disappeared
first in both the F-F and D-C crises, sees the same contraction of
biogeographic zones as Stanley (1988). He points out that in some
areas (Morocco, Algeria) reef development ceased even though the
areas remained flooded, indicating cooling. In many tropical areas,
however, shelf environments were subaerially exposed, indicating loss
of habitat due to lowering of sea level.
Many authors have made note of fluctuations in sea level in the
Late Devonian. Working with multiple sections in Europe and North
America, Johnson et al. (1985) recognized fourteen transgressiveregressive cycles of eustatic origin within the Devonian (see fig. 6),
with two of the highest amplitude cycles and a first-order eustatic
highstand, occurring in the Famennian, a pattern that has been
demonstrated at several other localities. Using lithostratigraphic and
biostratigraphic data from the Holy Cross Mountains of Poland, Racki
(1997) noted a strong correlation with Johnson et al.’s (1985) sea
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level curve. Working in the Timan-Pechora Province of northeastern
Russia, House et al. (2000) were also able to recognize the same
eustatic fluctuations. Giles and Dickinson (1995,) identify four
Famennian third order sequences (see fig. 5) in their qualitative
coastal onlap curve. Narkiewicz and Hoffman (1989), citing detailed
analysis of facies sequences in southern Poland, document a strong
regression followed by transgression at the F-F boundary, resulting in
termination of reef complexes. Sandberg et al. (2002), while noting a
major sea-level fall at the F-F boundary, do not view the F-F mass
extinction as being ultimately caused by the fall. They do, however,
refer to several cycles of glacial and interglacial intervals in the
Famennian as being eustatically caused and responsible for the D/C
crisis.
In contrast to the other prominent mass extinctions, the Late
Devonian mass extinction is characterized by three peaks of extinction
(see Figure 7). Opinions vary on which peak represents the most
severe biotic crisis (see discussion below). The first pulse of extinction
occurred at the end of the Late Middle Devonian Givetian Stage. This
extinction pulse, termed the Taghanic Event, primarily affected
stromatoporoids, brachiopods, bryozoans, tabulate and rugose corals,
ostracodes, and ammonoids (Hallam and Wignall, 1997), but was
followed by a strong radiation in most affected groups during the Early
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Figure 7. Extinction events in the Devonian
(Hallam and Wignall, 1997)

and Middle Frasnian. The bryozoans, however, did not recover their
Middle Devonian diversity until the Mississippian.
The Late Frasnian extinctions, termed the Kellwasser Events
(Buggisch, 1991), affected a wide range of marine groups, but reef
taxa experienced the highest extinction rates, with stromatoporoids as
well as tabulate and rugose corals all suffering significant extinctions
(Hallam and Wignall, 1997). Famennian reef construction is almost
exclusively by calcimicrobes and stromatolites (Copper, 2002b; Webb,
2002), with stromatoporoid reefs reduced to relatively minor build ups
in western Canada, Siberia, South China, Vietnam, central Europe,
Australia, and now Utah. This period of reef-construction,
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characterized by a lack of metazoans in the primary constructor roles,
lasted into the Carboniferous when Calcareous algae, calcisponges,
and bryozoans became the major framework builders (Wahlman,
2002).
The third and final pulse of extinction marks the DevonianCarboniferous boundary and is sometimes called the Hangenberg
Event (House, 1985). Stromatoporoids became extinct at this time, as
did the placoderms and the chitinozoans. Ammonoids and nautiloids
suffered near-total extinction,
Reefs have been described as the “canary in the coal mine” of
mass extinctions, i.e. they may be among the first ecosystems
affected by elevated rates of extinction (Copper, 1989; Hallam and
Wignall, 1997). Also, reef recovery from mass extinctions, which may
require more time than other ecosystems, has been cited as
supporting the concept of communities of organisms. That is, in the
post-extinction environment, time is required not only for the
organisms themselves to re-evolve, but also for the intricate
interactions of the community to re-evolve.
To further investigate the response of reef communities to the FF events, this study focuses on a Famennian stromatoporoid patch reef
from western Utah. As such, it represents a post-mass extinction
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environment and provides insight into the possible causes of the biotic
crisis and the dynamics associated with the survival interval.
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Chapter Three
Regional Geology
The Dugway Reef site is located in the northern Dugway Range,
at~ 40.0˚N lat. and 113.2˚W long., ~139 km southwest of Salt Lake
City, Utah (see Figure 8). Throughout the Early to Middle Devonian,

Figure 8. The State of Utah with the location of the
Dugway Range site.
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the western edge of the North American craton was a passive margin.
This interval was characterized by generally high sea levels that
flooded continental interiors, and the Early Late Devonian (Frasnian)
Guilmette Formation of eastern Nevada and western Utah, carbonates
with minor siliciclastic input, was deposited on a broad, shallow shelf
with low relief. During this time, carbonate deposition kept pace with
first-order, eustatic, sea-level rise, the Taghanic onlap (Johnson,
1970; see Figure 5). The depositional environment changed in the Late
Frasnian with the onset of the Antler Orogeny and a major drop in sea
level.
The Antler Orogenic Belt was formed ~380-350 Ma and extends
from the Mojave Desert in southern California through central Nevada
and into central Idaho (Nilsen and Stewart, 1980). Root (2001)
contends that the belt stretches farther to the north, reaching the
Purcell and Rocky Mountains of southern Canada. In 1979, a Penrose
Conference brought together a multidisciplinary group of geologists
studying the Antler Orogenic Belt in an attempt to resolve its tectonic
history, but they were unable to reach consensus on the cause of this
orogeny Ten separate tectonic models were proposed to explain it
(Nilsen and Stewart, 1980) and, in their review of the data, Trexler
and Giles (2000) agreed that evidence supporting any one style of
tectonism had yet to be found. It may be that the region experienced
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a variety of tectonic styles during the Devonian and Carboniferous
Periods.
Regardless of which mode of tectonism is favored, the western
margin of the North American craton experienced compression from
the Frasnian through the mid-Mississippian. In Nevada, these forces
produced the Roberts Mountain Allochthon, which consists of Cambrian
to Devonian cherts and sandstones thrust from 140 km (Nilsen and
Stewart, 1980; Murphy et al., 1984) to 250 km (Goebel, 1991) to the
east over Precambrian to Devonian carbonates and shale. Citing
flexural models (Goebel, 1991), stratigraphic relationships, and
changes in accommodation space, Giles and Dickinson (1995) suggest
that the increased loading of the Roberts Mountain Allochthon caused
isostatic downwarping of the craton to form the Woodruff Basin, a
foreland basin (Sandberg et al. 2001), just to the east of the
allochthon. Flexural warping created an upwarped forebulge to the
east of the foreland basin, and a much broader, shallower,
downwarped back-bulge basin, the Pilot Basin, to the east of the
forebulge. As the Roberts Mountain Allochthon thrust further to the
east, the flexural features it caused migrated eastward as well. Sea
level in the Late Devonian of eastern Nevada and western Utah was
primarily controlled by these flexural features and their migration
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(Goebel, 1991), with eustatic changes overprinting this tectonic
control.
The Pilot Shale was deposited in the Pilot Basin during this time.
The Pilot Shale is informally divided into three members. The lower
member is latest Frasnian to Middle Famennian and consists of
calcareous shales, siltstones, and minor quartz sandstones (Goebel,
1991). Locally, the Lower Pilot Shale contains carbonate mudstones.
The correlative West Range Limestone was deposited in the southern
portion of the Pilot Basin. The middle member is Late Famennian
organic-rich mudstones and siltstones and the upper member is Early
Mississippian laminated siltstones and shale (Goebel, 1991). The
Dugway Reef was constructed during the deposition of the Lower Pilot
Shale.
Giles et al. (1999, their Figure 3) have documented that during
the Late Devonian, the foreland basin and forebulge were oriented
north-northeast to south-southwest through Nevada. The axis of the
flexural features dips to the southwest, resulting in deeper water in the
southern parts of the basins relative to the north. Goebel (1991)
suggests that the flexurally downwarped back-bulge basin would have
been ~100 m deep. The Dugway Range was in the shallower,
northern part of the Pilot Basin. It was bounded on the east by the
Cordilleran Hingeline where high subsidence rates were focused (Giles
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et al., 1999). The Cordilleran Hingeline runs from near Salt Lake City,
UT. south- southwest to near Las Vegas, NV. Despite eastern
migration of the flexural features with increased migration of the
allochthon, the Dugway Range remained in the back-bulge basin until
the Early Mississippian (Giles and Dickinson, 1995). At times of
eustatically low sea levels, the forebulge may have been subaerially
exposed. This would have isolated the Pilot Basin from processes
operating in the world's oceans, and introduced siliciclastic input into
the Pilot Basin as runoff from the exposed bulge.
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Chapter Four
Carbonate Deposition in the Famennian.
Reefs expanded to their greatest Phanerozoic areal extent and
biodiversity during the Middle Devonian (Copper, 2002), but both
diversity of the reef biota and the geographic extent of these
structures dramatically decreased following the F-F mass extinction.
Reefs were not totally eliminated, however, and carbonate deposition
continued, albeit on a greatly reduced scale, in the Famennian.
Composition of carbonate buildups also changed, with coralstromatoporoid assemblages largely replaced by stromatolites and
calcimicrobes (Playford et al., 1976; Playford, 1980; Webb, 2002).
Many of the largest Famennian reef complexes are preserved in the
subsurface and only a few are adequately described, leaving many
questions about the nature of Famennian reef construction (Webb,
2002).
Famennian carbonate reefs have been documented in western
Canada, Siberia, the Timan-Pechora Basin and North Caspian Sea
areas of Russia, Kazakhstan, Guangxi in South China, in central
Europe, and the Canning Basin of Australia (see Figure 4).
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Extensive work has been done on stromatoporoid patch reefs in
Alberta, Canada (Stearn, 1987; Stearn et al., 1987). At Normandville
Field, a stromatoporoid patch reef at depth is Famennian and forms a
reservoir for the oilfield there (Stearn et al., 1987). The reef, covering
~1.5 km2 in area and 10 m thick as reconstructed from five cores,
contains five distinct facies. The reef facies is comprised of
stromatoporoid framestones and boundstones. The overlying and
underlying platform facies is a nodular limestone. The reef-margin
facies is primarily stromatoporoid floatstone and rudstone. The cap
facies consists of peloidal and skeletal grainstones and the off-reef
facies peloidal and skeletal wackestones and packstones (Stearn et al.,
1987). Five species of stromatoporoids are present, but only two are
common, Labechia palliseri and Stylostroma sinensis. Webb (2002)
considers Normandville to be the only well-documented Famennian
reef with high structural relief and skeletal content. Precise dating,
however, remains somewhat problematic. For unknown reasons,
conodonts are absent from the reef facies (Stearn, 2001) and reefs
must be lithostratigraphically correlated to nearby conodont-bearing
strata for age determination. Using this technique, Stearn (1987)
places the Normandville Field in the mid-Famenniam marginifera
conodont zone, but this designation assumes a constant rock
accumulation rate and may contain some error.
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Famennian stromatoporoid reefs have been mentioned by
Bol'shakova et al. (1994, their Fig. 6) in the Omolon Massif and
Omolon River basin, as well as in the Selennyakhskii Range, all in
Eastern Siberia, but no mention is made of their extent, composition,
or how they are chronostratigraphically constrained.
Barrier reefs formed along the eastern margin of the Russian
craton during the Devonian. The complex stretches from the TimanPechora Basin, near the present-day Barents Sea, to the Caspian
Basin, a distance well over 1000 km. The reefs were as much as 15
km in width (Ulmishek, 1988) and as they exist today, rise 300-35 0m
above what would have been the deep basin in front of them and 80100 m above the back-reef area In the Timan-Pechora region,
carbonate deposition initiated in the Frasnian, generally on
Precambrian bedrock (House et al., 2000). Through Frasnian time, the
reefs were dominated first by colonial stromatoporoids, then by
branching stromatoporoids and algae, and finally by algae alone
(House et al., 2000). The F-F boundary is indicated by a hiatus in the
region and when carbonate deposition resumes it is described as
containing "brachiopods, miospores and ostracods of Famennian type
and triangularis Zone conodonts" (House et al., 2000, p.157). The
primary reef-builders are algae and corals (Ulmishek, 1988) and no
mention of stromatoporoids is made.
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Kazakhstan is another location of Late Famennian carbonate
deposition but, like Siberia, little detailed geologic data has been
published. Cook et al. (1989) investigated an Upper Devonian through
Middle Carboniferous passive-margin carbonate platform in the Bolshoi
Karatau Mountains located in southern Kazakhstan. Paleogeographic
reconstructions (Cook et al., 1989) show that this area is geologically
similar to the carbonate platform that contains the Tengiz oil field and
other carbonate oil and gas fields in the North Caspian Basin. Both
platforms overlie Devonian siliciclastic rocks, are approximately the
same size (2-4 km thick, 100-250 km wide, 100's of kms long), and,
although they were situated on different tectonic plates, were
positioned close to each other in low latitude tropical seas (Cook et al.,
1989). During the Middle Devonian through the Frasnian, the Bolshoi
Karatau area was experiencing subduction from a collision between
microblocks that became part of Kazakhstania. The resulting foreland
basin was filled with siliciclastic and volcanoclastic sediments and no
carbonate deposition occurred. When tectonic activity ceased in the
Famennian, the area became a passive margin and remained so until
the Late Carboniferous. Cook et al.'s (1989) depositional model for the
reef-rimmed carbonate platform (their Fig. 10) shows that carbonate
deposition was a result of coral-algal-crinoid-bryozoan assemblages,
with corals and algae being the primary framework builders, and with

23

only minor contributions from stromatoporoids, sponges, and
stromatolites.
The Devonian of South China has been described as "perfect in
development, widely distributed, well-exposed in section, varied in
lithofacies, and rich in paleontological groups" (Wu et al., 1988,
p.645), but the biota responsible for the construction of large Middle
and Early Late Devonian reefs did not retain their reef-building roles
after the F-F crisis. At the Daping section, Ma and Bai (2002) describe
a Frasnian inter-reef platform facies that was constructed mainly by
stromatoporoids with minor contributions from rugose corals,
gastropods and algae. Famennian reefs at Shatang and Miaomen were
built by stromatolites and calcimicrobes (Shen and Webb 2004a,b).
These reef studies illustrate the biotic shift caused by the mass
extinction and the importance of microbial communities as reefbuilders in the post-extinction environment.
Friáková et al. (1985) describe a reefal fauna in the Lower
Famennian Vilémovice Limestones at Mokrá, Czech Republic. The
deposits are well-constrained biostratigraphically as Lower to Middle
Famennian using conodont assemblages (see Discussion below). The
authors describe cyclic sedimentation with reefal deposition alternating
with less fossiliferous layers containing higher levels of siliciclastic
input. Individual reefal beds are characterized by coral-stromatoporoid
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and algal-stromatoporoid wackestones and packstones. The
stromatoporoids are mostly Amphipora moravica, with minor
components of Paramphipora?, Stromatopora sp., Stromatoporella sp.,
Atelodictyon? sp., Syringostroma vesiculosum, and Stachyodes sp. An
unidentified labechiid is also noted as a minor component. Friáková et
al. (1985) note the presence of nodular limestone above and below the
studied outcrop, similar to the observations of Stearn et al. (1987) in
the subsurface of Alberta. In addition, the wackestones and
packstones of the Mokrá site may be analogous to the reef-margin and
off-reef facies in Alberta.
The platforms of the Devonian "Great Barrier Reef" of the
Canning Basin in Australia were constructed by stromatoporoids,
corals, and cyanobacteria during the Givetian and Frasnian (Playford et
al., 1989). They were low-relief structures built predominantly on
topographic highs of Precambrian bedrock. Fagerstrom (1994)
describes the reef framework as dominated by in situ stromatoporoids.
Deposition was nearly continuous during this interval because of local
subsidence, but was interrupted at the F-F boundary by a brief, mild
regression and subaerial exposure resulting in erosion. Famennian
deposition began shortly after the boundary when platforms were
again submerged. Reef development in the Famennian is almost
entirely by stromatolites and the calcimicrobe Renalcis, similar to what
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is documented for South China. Playford et al. (1989) argue that
extinction of metazoans, grazers of the cyanobacteria before the
extinction event, accompanied by the pervasive extinction of
stromatoporoids, allowed stromatolites to become the primary reef
constructors of Famennian time in Austraia, Fagerstrom (1994) lists
only two stromatoporoid species that survived the F-F boundary in that
region, Clathrocoilona saginata, a subdominant member of the
"binder" guild, and Stromatopora lennardensis, a rare member of the
"constructor" guild.
Nearly continuous deposition of carbonates in the Canning Basin
from the Givetian through the Late Famennian suggests that localized
subsidence and not eustatic change was the primary factor controlling
sea level in that area. This is not in accordance with sea level curves
from other parts of the world (Johnson et al., 1985; Cook et al., 1989;
Isaacson et al., 1999), which in many cases show high-frequency sealevel fluctuations during the Middle through Late Devonian. Like the
patch reefs of the Normandville Field in Alberta, Canada, three small
oil fields have been developed in subsurface Famennian rocks.
Although not entirely extinct, stromatoporoids became rare
components of Famennian reef communities. The Dugway Reef, with
a biostratigraphically, well-constrained stromatoporoid fauna is a
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significant addition to the inventory of post F-F mass extinction
localities.
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Chapter Five
Methods
The Dugway Reef site was measured and sampled from May 20th
to June 7th, 2005 (see Figures 9 and 10). Section measuring was done
by Jacob's staff and Brunton compass where possible, and by GPS
readings where steep terrain made the staff and compass unusable.
Bulk conodont samples were collected from fossiliferous strata and
processed by Dr. Jared Morrow (currently at the SDSU) at the United
States Geological Survey's laboratory in Denver, Co. The bulk samples,
3-5 kg each, were placed in a standard 10% formic acid solution,
which dissolves the carbonate rock matrix. Conodonts, composed of
Ca-phosphate, are insoluble in this solution, as are any quartz grains
present. The specific gravity of conodonts is higher than the quartz
grains and may, therefore, be separated from the quartz using
bromoform heavy liquid separation techniques described by Collinson
(1963), Austin (1987), and Sandberg (written comm., 1991). Once
separated, the conodonts were mounted on microslides for
identification and photographed under reflected light using a Nikon
COOLPIX 5000 digital camera attached to the microscope.
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Figure 9. Geologic section of Bullion Canyon from the
northern Dugway Range.
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Figure 10. Geologic section of Buckhorn Canyon from the
northern Dugway Range
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Chapter Six
Results
Conodonts
Bulk rock samples were processed, as discussed in the methods
section, to extract the conodont faunas.
The stratigraphically lowest sample from Bullion Canyon, is from
Unit 3. The conodonts present are Icriodus cf. I. Erucisimilis,
Polygnathus cf. P. brevilaminus, Polygnathus aff. P. nodocostatus
ovatus, and Polygnathus sp. ramiform elements, an assemblage from
the Middle triangularis to Late crepida zones in the Early Famennian.
The next bulk sample from Bullion Canyon, was taken from Unit
9. The conodonts present are Palmatolepis wolskajae, Polygnathus aff.
P. nodocostatus, Palmatolepis sp. ramiform elements, and Polygnathus
sp. ramiform elements, from the Middle crepida to the Early
marginifera zones in the Early to Early Middle Famennian.
Bulk samples BLD-18, BLD-19, and BLD-20A are all from the
Middle crepida to the Late marginifera zones in the Early to Early
Middle Famennian. A bulk sample from Unit 14 contains Polygnathus
aff. P. semicostatus and Polygnathus sp. ramiform elements. Bulk
sample BLD-19 was taken from Unit 15 and contains Polygnathus
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semicostatus, and Polygnathus sp. ramiform elements. Above that, in
Unit 17, at the top of the peak, bulk sample 20A contains Polygnathus
aff. P. brevilaminus, and Polygnathus sp. ramiform elements.
The stratigraphically highest sample taken from Bullion Canyon
was bulk sample BLD-20B, which comes from pockets of the overlying
Joana Limestone filling the karstified upper surface of the underlying
limestone. It contains an undescribed fauna believed to be Late
Famennian to Earliest Kinderhookian (Morrow, written comm., 2006).
The conodonts present are Bispathodus cf. B. stabilis, "Icriodus" sp.,
Mehlina sp., Pelekysgnathus sp., Polygnathus communis subsp.,
Pseudapolygnathus sp., and Scaphignathus? sp.
In Buckhorn Canyon, bulk sample BHN-41E was taken from Unit
C. The conodonts Mehlina? sp. and Polygnathus aff. P. brevilaminus
are present. The sample is from the Early to Middle Famennian.
Bulk sample BHN-40A, taken from Unit G contained no
conodonts.
Bulk sample BHN-22I was taken from Unit R. It contains the
conodonts Polygnathus aff. P. nodocostatus, Polygnathus
semicostatus, Polygnathus aff. P. semicostatus, and Polygnathus sp.
ramiform elements. The assemblage indicates Middle crepida to Late
marginifera zones.
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Two bulk samples were taken from Unit S. Sample BHN-11 is
from 7 m above the base of the unit. Sample BHN-12 is from the top
of the bed. BHN-11 contains Polygnathus brevilaminus, Polygnathus
aff. P. lauriformis, and Polygnathus sp. ramiform elements, indicating
Middle crepida to Late marginifera zones. Sample BHN-12 had no
conodonts
Sample BHN-10 from Unit T contains no conodonts.

Stromatoporoids
Stromatoporoids were collected in Bullion and Buckhorn
Canyons. Thin sections were prepared from most of the units in both
canyons. In Bullion Canyon, Unit 1 is an Amphipora-rich (Stock, pers.
comm., 2006) rudstone (see Figure 11). Nolan (1935), who named the
Guilmette Formation while working in the Deep Creek Mountains ~70
km to the west, considered the presence of Amphipora to be the most
characteristic feature of the formation. Unit 4, 1.5 m above the top of
Unit 1, also contains Amphipora but not in the abundance seen in Unit
1.
No stromatoporoids are seen until Unit 14, ~96 m above the top
of Unit 4. In Unit 14 the stromatoporoids (see Figures 12 and 13) are
Labechia palliseri (Stock, pers. comm., 2006). There are no
stromatoporoids in Units 15-17.
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Figure 11. Amphipora sp. in Unit 1

Figure 12. Labechia palliseri in Unit 14
Figure 12. Labechia palliseri in Unit 14
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Figure 13. Thin section from Unit 14. 10X

No Amphipora were found in Buckhorn Canyon. The lowest
stratigraphic interval sampled that contained stromatoporoids was Unit
C. The sample from this bed may be either Labechia or Stylostroma
(Stock, pers. comm., 2006). A sample from Unit F contained no
stromatoporoids, but Unit G (see Figures 14 and 15) contained
Stylostroma sinense (Stock, pers. comm., 2006).
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Figure 14. Stylostroma sinense in Unit G

Figure 15. Thin section from Unit G. 10X
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Chapter Seven
Discussion
Faunas
The Dugway Reef is biostratigraphically limited to the Famennian
and represents a patch reef exposed at the surface in two adjacent
canyons in the northern part of the Dugway Range in western Utah.
The sequence displayed in Bullion Canyon represents an excellent
example of a latest Frasnian Amphipora-dominated reefal fauna
replaced by a Famennian fauna dominated by the stromatoporoid
genera Labechia and Stylostroma.
Throughout the world, Devonian workers have noted the
depauparate nature of Famennian faunas as compared to those of the
Givetian and Frasnian. McLaren (1985), reflecting on the fate of
marine taxa in general, reported that one of the distinguishing
characteristics of the F-F crisis was a dramatic loss of biomass.
Stromatoporoids, brachiopods, crinoids, corals, ostracods, ammonoids
and nautiloids, jawed and jawless fishes, conodonts, cricoconarids,
microplankton, and trilobites all suffered loses in biodiversity across
the F-F boundary (Hallam and Wignall, 1997). Cockbain (1989) noted
a reduction in biodiversity and abundance of stromatoporoids in
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western Australia, as well as a morphological change in these
bioconstructors. Frasnian stromatoporoids were morphologically
diverse including tabular, hemispherical, bulbous, stachyodiform,
amphiporaform, and irregular forms. Famennian stromatoporoids,
however, were generally tabular.
Losses in biomass and biodiversity may not, however, be global.
In Australia, the dominant reef constructor in the Frasnian,
stromatoporoids, were replaced in the Famennian by diverse
calcimicrobes with bryozoans, brachiopods, and sponges (Playford,
1980). Despite a complete change in reefal faunas, the reefs
themselves were little affected (Wood, 2000). Guilds were filled by
different members, but there was no loss of ecological complexity or
tiering.
In contrast to this, the Dugway Reef conforms to the pattern of
most sites globally and does not show the kind of ecological complexity
found in the Famennian of Australia. The only Frasnian part of the
Dugway section, Unit 1 in Bullion Canyon, contains the stromatoporoid
Amphipora sp. From a biodiversity standpoint, Unit 1 is not diverse,
containing only the Amphipora, and could, therefore, be considered
Famennian. From a biomass standpoint, however, the unit appears
Frasnian, with individual Amphipora sp. tubules densely packed. That
contrasts sharply with the sparse Amphipora sp. fauna found in Units 3
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and 4, perhaps an indication of McLaren’s (1985) proposed dramatic
loss of biomass.
The remaining units in Bullion and Buckhorn Canyon, contain
faunas with exceedingly low biodiversity.

Biostratigraphic Constraints (Conodonts)
Two lines of biostratigraphic evidence help to constrain the
bioherm as Famennian, that from conodonts and from
stromatoporoids. The biostratigraphic group that has been used most
effectively to subdivide the Late Devonian is the conodonts (see Figure
16). The biostratigraphic zones that have been erected for the interval
are approximately equal in length, varying from 300 to 700 ka, with an
average of 500 ka. Because there are few units that can provide
reliable chronostratigraphic information in the Late Devonian, the
biozone durations are based on the assumption of a rapid, steady rate
of evolution of a globally distributed population of pelagic marine
organisms in warm-water environments (Ziegler and Sandberg, 1994)
and are, therefore, estimates. Conodont zones are tied to a
radiometric date just after the Devonian-Carboniferous boundary of
353.2 ± 4.0 Ma. (Claoué-Long et al., 1992) This date was obtained
from a bentonite deposit within the marine sequence that represents
the auxiliary stratotype section through the Devonian-Carboniferous
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Figure 16. The Late Devonian standard conodont zones
(Sandberg et al., 1997).
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boundary in Germany. The bentonite has been biostratigraphically
constrained to very low in the earliest Mississippian sulcata zone
(Claoué-Long et al., 1992). The bentonite has been zircon fission-track
dated as 353.2 ±4.0 Ma and a numeric age of 354 Ma has been
extrapolated for the Devonian-Carboniferous boundary (Sandberg and
Ziegler, 1996).
The standard Late Devonian to Early Mississippian conodont
zonations are based on pelagic genera such as Palmatolepis and
Siphonodella (Ziegler and Sandberg, 1994). Pelagic species are used
for several reasons. Pelagic conodonts lived in inter-connected tropical
waters where they evolved quickly and were rapidly distributed by
equatorial currents. Conodonts' body shape indicates that they may
have been able to migrate great distances (Briggs et al., 1983). The
rapid evolution of species contributes to finer scale zonation, and
apparent synchroneity in the distribution of new species globally
means their first appearances can be effectively used to correlate
between regions (Ziegler and Sandberg, 1994). Claoué-Long et al.
(1992, p.281) have commented that conodonts in the Late Devonian
and Early Mississippian “offer amongst the highest powers of
stratigraphic resolution known in the fossil record”.
Stearn (2001) has commented that for unknown reasons
conodonts are uncommon in reefal facies. Playford (1980) noted that
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in the Canning Basin of Australia, the stromatoporoids inhabited the
platform and upper marginal slope facies, whereas conodonts were
found in the lower marginal slope and basin facies. Indeed, although
conodonts were found in many of the bulk samples taken at the
Dugway sequences, including those samples taken from reef units,
most were sparse faunas (Morrow, pers.comm., 2006) Conodonts are
common in all other marine environments in the Devonian, and it may
be that they were not well suited for the high-energy near shore
environment of the Pilot Basin. Given the small size of conodont
elements, even if the conodont animal originally inhabited reefal
settings, the elements may have been readily transported from these
high-energy reefal environments to those associated with lower energy
levels.
Despite the relative paucity of conodont elements, they still
supply the best-constrained biostratigraphic information. In Bullion
Canyon, the lowest sample stratigraphically, taken from Unit 3,
contained conodonts that belong to an assemblage that is limited to
the middle triangularis zone to late crepida zone in the early
Famennian (Morrow, pers. comm., 2006). This age is strengthened by
the fact (discussed above) that Unit 1, 0.7 m below Unit 3, is
Amphipora-rich indicating that it is likely within the Late Frasnian
Guilmette Formation. If this is true and deposition was not interrupted

42

by a significant hiatus through this interval, then it is likely that we can
further constrain the F-F boundary in Bullion Canyon as somewhere in
Unit 2.
At the top of the Bullion Canyon section, the crinoid-rich Joana
Limestone (Unit 17), an Early Carboniferous unit, is found deposited
within the karstified upper surface of the Pilot Shale. The conodonts
recovered from Unit 17 are an undescribed Late Famennian to earliest
Kinderhookian fauna with several new species and possibly a new
genus (Morrow, pers. comm., 2006).
This places strong biostratigraphic control on the Bullion Canyon
section, which starts in the Late Frasnian in Unit 1 and ends in the
Early Carboniferous in Unit 17. Although there is no evidence for
continuous deposition, a strong argument can be made for Units 3-16
being deposited during the Early to Middle Famennian.
There is less biostratigraphic control on the Buckhorn Canyon
section. No Amphipora sp. units were present to help constrain the
position of the Late Frasnian, and the base of the overlying Joana
Limestone has been erosionally removed. The sparse conodont fauna
of Unit C can only provide a general sense of age, early to middle
Famennian. A sample taken from Unit G contained no identifiable
conodonts. The most informative biostratigraphic data from Buckhorn
Canyon are derived from Units R and S, which both contain species

43

from assemblages that date from the middle crepida zone to the late
marginifera zone (Morrow, pers. comm., 2006). The uppermost Unit T
showed no evidence of the crinoid-rich fauna of the Joana Limestone,
and it was devoid of conodonts.
The base of the Buckhorn Canyon section ranges from the
triangularis to early crepida zones of the Early Famennian, whereas
the uppermost exposed portion can be no later than late marginifera
zone in the Middle Famennian.

Biostratigraphic constraints (stromatoporoids)
Stromatoporoids have also been used for biostratigraphic
zonation in the Late Devonian (see Stearn, 2001). The stromatoporoid
data that can be applied to the sequences studied here comes from
two groups: the labechiids and the amphiporids. The stromatoporoid
order Labechiida has long been recognized as an indication of
Famennian reefs. McLaren (1983) commented that all stromatoporoids
except Labechia disappeared at the F-F boundary, although later work
suggests a much greater level of survivorship. Stearn et al. (1987)
suggest that the cosmopolitan genus Stylostroma, a labechiid, was the
characteristic genus of Late Famennian reefal faunas. Based on data
from Devonian strata from western Canada, which contain the most
complete and developed stromatoporoid successions for that interval,
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Stearn (2001) has constructed a series of stromatoporoid-based
biostratigraphic assemblages that are useful in biostatigraphically
constraining at least Devonian deposits of the region. He recognized
ten stromatoporoid zones in the Devonian. Labechia palliseri and
Stylostroma sinense, both labechiids, are the two diagnostic species of
Assemblage 10, denoted as Famennian faunas by Stearn (2001). Both
of these species are present throughout much of the Dugway Reef,
strongly supporting a Famennian age for those parts of the sequence.
One major difference between the Bullion and Buckhorn Canyon
sites, is the presence of three beds dominated by the stromatoporoid
genus Amphipora at the base of the Bullion Canyon section. As noted
in thin section, Unit 1 (see Figure 11) contains abundant Amphipora
sp. whereas in Units 3 and 4 the stromatoporoids are much more
sparsely distributed. Authors have long noted the presence of
Amphipora in Frasnian rocks (e.g. Nolan, 1935), and Biller (1976)
states that abundant Amphipora is the single most characteristic
feature of the Guilmette Formation, the Frasnian rocks that underlie
the Pilot Shale. The abundant Amphipora sp. of Unit 1 in Bullion
Canyon are likely from the Guilmette Formation and help to constrain
the base of the Bullion Canyon section as Frasnian. The presence of
sparse Amphipora sp. in Units 3 and 4 is, however, somewhat
problematic. Friakova et al. (1985) have described a Famennian fauna
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from the Czech Republic that has Amphipora sp. as a constituent. The
fauna has been biostratigraphically dated as from the crepida zone.
Amphipora is unknown later in the Famennian. Perhaps Unit 4 is
similar to Friakova et al.'s early Famennian example, in which case the
F-F boundary should be somewhere in Unit 2.

The Nature of the Dugway Buildups
Terminology for carbonate deposition and reefs has been
inconsistent through time. In their Phanerozoic reef database,
Kiessling and Flügel (2002), distinguished between four reef types.
These consist of: 1) "true reefs" with organisms forming a rigid
framework ("ecological reefs" of Dunham, 1970); 2) matrix-supported
"reef mounds" with abundant skeletal organisms, but no rigid
framework; 3) "mud mounds" with organisms as a minor constituent
in a carbonate mud; and 4) "biostromes" with dense growth of skeletal
organisms, but no depositional relief. Various sites may have
characteristics of more than one type, or grade from one type to
another spatially or stratigraphically
The classification of the Dugway Reef does not readily fall into a
single category. First, the strata display reef growth at several
different intervals during the Famennian and the different intervals
may represent different reefal types. Unit C in Buckhorn Canyon (see
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Figure 17) contains well-preserved stromatoporoids that may be either
Stylostroma or Labechia as a minor component in a carbonate mud.
Unit C would fall into the mud mound category. Unit G in Buckhorn
Canyon (see Figure 18) is the best example of a true reef, with
stromatoporoids constructing a rigid framework. The labechiids are the

Figure 17. Unit C, Buckhorn Canyon

only constructor guild member present and the unit has the rigid
framework necessary for classification as a true reef. Unit N (see
Figure 19) in Buckhorn Canyon contains Labechia palliseri and dense
skeletal organisms, but may lack a rigid framework and, therefore,
should be classified as a reef mound.
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Figure 18. Unit G, Buckhorn Canyon.

Figure 19. Unit N, Buckhorn Canyon
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Difficulty in classification is exacerbated by the lack of
stratigraphic continuity between the exposures. The reef is exposed at
three sites in two areas, separated by somewhat greater than 3 km.
The prevailing strike and dip of the strata make it likely that the two
sections are related. Both sites are near topographic highs and the
intervening section has been eroded. If the original stromatoporoid
buildups were continuous between the two areas as seems likely, then
from the perspective of areal extent, it would be larger than the
Normandville Field reef in Alberta, which is 1.5 km2.

Comparison to Other Famennian Bioherms
As previously noted in the discussion of Famennian carbonates,
in the relatively few locations in the world where Famennian
carbonates were deposited, in most cases the stromatoporoid faunas
are not adequately documented, are poorly constrained temporally, or
both.
From a faunal perspective, the subsurface patch reef of the
Normandville zone in Alberta is the closest analog to the Dugway Reef.
The two major reef builders from the Dugway Reef, the Stylostroma
sinense and the Labechia palliseri are also major reef builders in the
Normandville Reef. Three other species, Clathrostroma cf. Jukkense, a
major reef builder in Alberta, but to a lesser degree than the
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stylostromid or the labechiid, and Gerronostroma sp., and
Stromatopora sp., minor constituents in Alberta are not present in the
Dugway Reef, but the similarity in the primary constructor guild is
striking, especially in comparison to other sites. At the Czech site the
constructor guild was comprised of Amphipora moravice,
Paramphipora sp., and Stromatopora sp. in assemblages with coral
and algae. Stylostroma is not mentioned, and an unidentified labechiid
is noted as a minor component. In Cook et al.’s (1989) descriptions of
Famennian buildups in Kazakhstan, they did not identify the genus or
species of the stromatoporoids. In addition, the stromatoporoids were
minor components of these bioconstructions and the fact that they
were not primary reef constructors indicates that the stromatoporoids
did not fill the same guilds in Kazakhstan and suggests that they were
a different fauna. In Australia, only two stromatoporoid species,
Stromatopora lennardensis and Clathrocoilona saginata survive the F-F
boundary, and neither of those species is found at the Dugway site.
Lithofacies also point to a link, but also some differences,
between the Dugway Reef and the Normandville zone in Canada.
From borehole data, Stearn et al. (1987) recognized five distinct
lithofacies within the Normandville Field reef zone (their fig. 4): 1) a
nodular limestone platform facies, which underlies and overlies the
reef; 2) stromatoporoid framestone and boundstone, with minor
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rudstone, floatsone, and grainstone, representing the reef facies; 3) a
reef-margin facies with stromatoporoid floatstone and rudstone, and
minor brachiopod and crinoid wackestone and packstone; 4) a cap
facies with peloidal and skeletal grainstone; and 5) an off-reef facies
composed of peloidal and skeletal wackestones and packstones. The
Dugway Reef may have had all of these facies at one time, but large
portions have been erosionally removed and, therefore, the spatial
distribution needed to assess this issue is unavailable.

Intensity and Selectivity of Late Devonian Extinction Peaks
The Late Devonian mass extinction is characterized by three
intervals of biotic crisis (see Figure 7). Each influenced different
groups, and the overall intensity of the environmental perturbations
that produced the extinction peaks is not clear. House (2002) states
that the Famennian has the highest total family extinction of marine
taxa followed by the Givetian and then the Frasnian. This database
also shows that the Givetian has the highest rate of familial extinction
with the Frasnian second and the Eifelian third (House, 2002). In his
review of the data, Copper (2002) found that the most severe
extinctions occurred at the end of the Givetian.
It is clear that the Late Devonian mass extinction was a complex
set of events. An analysis of the stromatoporoid generic range chart
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(see Figure 20) indicates that the end-Famennian event was a major
crisis for stromatoporoid genera that made their first appearances in
the Ordovician. Twenty-two stromatoporoid genera made their first
appearance in the Ordovician. Fourteen of these survive the endOrdovician mass extinction. Eight of the these long-ranging

Figure 20. Stromatoporoid generic range chart

stromatoporoid genera survived to the Givetian. Of those, a single
genus makes its last appearance in the Givetian (12.5%), one in the
Frasnian (12.5%), and six in the Famennian (75%). Two of these six
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“extinction-resistant” stromatoporoids are Labechia and Stylostroma,
which are found at the Dugway Range site.
For stromatoporoid genera that evolved after the end-Ordovician
mass extinctian, the end-Frasnian event is more severe. Sixty-three
stromatoporoid genera make their first appearance in the Silurian and
Devonian. Of these, thirty-nine are still extant in the Givetian. Of
those, six make their last appearance in the Givetian (15.0%), twentyone in the Frasnian (52.5%), and thirteen in the Famennian (32.5%).
Among these are the Sylostroma, which is found at the Dugway site.
Stylostroma is the last stromatoporoid genus to evolve, and the only
one to make its first appearance in the Frasnian
The stromatoporoid generic range chart shows that the biotic
crises of the Late Devonian were selective based on period of
origination. Ordovician genera were largely unaffected by the endGivetian and end-Ordovician events, but were unable to survive the
end-Famennian event. Qualitatively, this may be the best indication of
the severity of the end-Famennian event and may also suggest that
the forcing of this event was substantially different than the endGivetian and end-Frasnian events. In contrast, Silurian and Devonian
genera were greatly reduced in the Frasnian before succumbing in the
Famennian. This suggests that post-Ordovician taxa, having evolved in
the greenhouse environment of the Silurian and Early and Middle
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Devonian, and never having experienced conditions associated with an
icehouse interval, were less able to withstand the cooling associated
with the F-F.
Copper (2002) found that for marine taxa, the end-Givetian
event was the most pronounced in driving extinction, but that is not
the case for the stromatoporoids. For both Ordovician and postOrdovician genera, the rate of extinction, during this phase of the
extinction, is comparable to background rates.
A gap in true reef development is a common characteristic
of the periods immediately following the Big Five mass extinctions.
Famennian reefs, even at their dramatically reduced scale, are
examples of post-extinction reef-building. Sheehan (1985)
hypothesized that during these intervals, the composition of levelbottom communities was being over turned rapidly, due to rapid
evolution of species entering newly vacated environments. The rapid
turnover would not allow time for the evolution of the complex
ecological relationships characteristic of true reefs. Kauffman and
Harries (1996) have defined progenitor taxa as species that arise
during a mass extinction interval and survive to provide the basis for
subsequent radiation.
The Dugway Reef section provides equivocal evidence of a postF-F mass extinction reef gap. In Bullion Canyon, the first
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stromatoporoids encountered above the sparse Amphipora sp. in Unit
4 are labechiids in Unit 14, constrained by conodont assemblage to the
Middle crepida zone, a gap of ~2.5 Ma. That the surviving
stromatoporoids are not known to have undergone radiation during the
Famennian and did not survive the D-C boundary suggests that
environmental conditions at the D-C boundary were unlike those at the
F-F boundary. An alternative interpretation would be that D-C
boundary conditions were similar to F-F conditions, but more severe.
The Hangenberg Event was not, however, a major crisis for the
brachiopods, bryozoans, foraminifera, or ostracods, which may argue
against this later interpretation.
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Chapter Eight
Conclusions
Although they are absent from many reefal environments in the
Famennian, stromatoporoids did construct reefs following the F-F mass
extinction in some regions of the world. The Dugway Reef complex is
one of two Fammenian sequences that has been constrained
biostratigraphically through the use of in situ conodonts. These
conodont assemblages indicate reef development occurred from the
Early Famennian Middle crepida zone through the Middle Famennian
marginifera zone (see Figure 9). Biostratigraphic constraints on the
age of other putative Famennian reefs is non-existent or poorly
controlled, with the exception of the Czech locality (Friakova, 1985).
The findings of this study support hypotheses regarding
previously described Famennian reefs with respect to loss of lateral
extent, diversity, and biomass in comparison to Early and Middle
Devonian reefs. Although the precise lateral extent of the Dugway Reef
is unknown due to erosional removal, lack of extensive vertical reef
development suggests that their lateral extent was limited and that
reef volume was greatly reduced. Furthermore, even within the
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fossiliferous layers, the invertebrate faunas sampled at the Dugway
site are depauperate.
The Dugway site contains a reef gap that extends from the F-F
boundary to as late as the Late marginifera zone, an interval of as
much as 5 my.
Based on generic range data, the Taghanic Event was not a
significant period of extinction for the stromatoporoids. The F-F
boundary was, however, and especially so for genera that arose
following the end-Ordovician mass extinction. For genera that arose
prior to the end-Ordovician mass extinction, both the Taghanic and
Kellwasser Events were not catastrophic. None survive the D-C
boundary, however, possibly an indication that the Hangenberg Event
and the two earlier crises environmentally dissimilar. The two
stromatoporoid species that survive the F-F crisis and subsequently
construct reefs at the Dugway site both represent long-ranging
genera. Their longevity lends support to the argument that certain
taxa may be “extinction-resistant” despite their subsequent demise
later in the Famennian.
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